Objective methods of pig carcass classification have been applied in the EU since 1984. The methods of classification used in different member states are laid down by the relevant EU legislation. The classification of pig carcasses is based on the lean meat content predicted on the basis of fat and muscle measurements taken at specific carcass sites. A high correlation to the carcass lean meat content is a fundamental condition for these measurements. The correlation coefficients reported by Branscheid et al. (1987) for fat and muscle thickness measured between the third and fourth from the last rib were r = -0.846 and r = 0.739, respectively. Somewhat lower coefficients r = -0.736 and r = 0.538 for fat and muscle thickness, respectively, were found by Lagin et al. (1995) . Hulsegge et al. (1994) assessed the accuracy of the lean meat content in carcasses and in major cuts when using multiple site measurements compared with a single site measurement. They analysed 17 measurement sites and evaluated the accuracy of prediction formulae according to s e . The addition of another measurement to the prediction formulae improved this value by 0.03 to 0.13 percent points. Šprysl et al. (2007) took measurements at six chosen carcass sites using the FOM apparatus. They reported correlations between the lean meat content and muscle and fat measurements taken at different sites.
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Regression formulae for the prediction of lean meat content are constructed on the basis of the results from detailed carcass dissections performed in different EU member states. Engel et al. (2003) referred to the adverse effects of incorrect sampling of carcasses used for dissections. The sample of carcasses should be highly representative from the point of view of its size and pig genotype distribution. The regression formulae were also constructed separately for different pig genders (Engel and Walstra, 1993) . Similarly, Daumas et al. (1998) established different regression formulae for each gender in France for the apparatuses CGM and Ultra-Meater. Pulkrábek et al. (2004) proposed the regression formulae predicting the lean meat content using the apparatuses FOM, HGP, UFOM-300, and the two-point method for the pig population in the Czech Republic. However, the formula for UFOM-300 reported in this study did not meet the criterion of s e , which has to be below 2.5.
Other methods of predicting the lean meat content in pig carcasses have also been investigated. The use of the VIA (Video Image Analysis) was described by Sönnichsen et al. (2002) . Computer tomography (CT) methods can also be applied for the indirect determination of the carcass lean meat content (Romvári et al., 2006) . Another potential indirect method is based on magnetic resonance imaging (MRI) Collewet et al. (2005) . Additionally, this method was used for the prediction of lean meat and fat in the ham of pig hybrids (Margeta et al., 2007) .
The main objective of the study was to construct basic and improved regression formulae predicting the lean meat content in pig carcasses on the basis of carcass measurements followed by detailed carcass dissections. The measurements required for the construction of basic formulae were taken on the slaughter line by probe and ultrasound classification apparatuses. The formulae with increased prediction accuracy included the following additional carcass characteristics: leg without fat cover proportion of the carcass weight, fat thickness (S 1-3 ), cold carcass weight, and the ratio of the fat cover area above MLLT to the MLLT area. We also aimed to quantify the differences in the overall composition of carcasses with different lean meat content.
MATERIAL AND METHODS
A total of 168 pig carcasses were selected for detailed dissections. The carcasses were sampled at two abattoirs in the Czech Republic.
The sample was stratified on the basis of fat thickness including skin measured with the apparatus HGP on the left carcass side at the site "P 2 " between the second and third from the last rib 70 mm off the dorsal midline. The main parameters of the selected set of carcasses are given in Tables 1 and 2 .
Due to the fact that the three selected hybrid combinations were not always available, the data set was completed with results obtained from the carcasses of other final hybrids marked as OG. The ratio of gilts to barrows was 1:1, and the carcass weight recorded up to 45 min post mortem ranged from 60 to 120 kg.
All the carcasses were classified using the apparatuses IS-D-05 and IS-D-15. The site of measurement with both apparatuses was at the point "P 2 ".
The classification apparatus IS-D-05 is a device for measuring lean meat and fat thickness on the basis of the response analysis of the range of ultrasonic impulses which are transmitted in sequence into the carcass at the specified place.
The classification apparatus IS-D-15 is a probe device based on different reflective characteristics of carcass tissues (muscle and fat).
Selected characteristics were recorded for each carcass. Carcass weight was determined by weighing both sides while the other measurements were taken on the left side. area and fat area above MLLT measured planimetrically on the basis of the image analysis at the section between the twelfth and thirteenth rib The left carcass sides were divided into cuts ( Figure 1 ) according to Scheper and Scholze (1985) , and the weight of each cut was recorded. The major cuts (leg, loin, shoulder, belly with bones, fillet) were analysed in detail according to the method described by Walstra and Merkus (1996) , and the weights of muscle, intermuscular fat, subcutaneous fat with skin (SF) and bones were determined. The cuts analysed during this simplified dissection are highlighted in bold in Figure 1 .
Lean meat content was calculated according to the following formula:
where:
= weight of the i-th cut prior to dissection SSF i = weight of subcutaneous fat, including skin, of the i-th cut IF i = weight of intermuscular fat of the i-th cut B i = weight of bones of the i-th cut T = weight of fillet Data were analysed using the REG, CORR and MEANS procedures of SAS (SAS, 2001 ). To construct regression equations, multiple regressions of the measurements S and M on the lean meat content obtained by dissections were used. Regression coefficients were determined by the least-square means method.
RESULTS AND DISCUSSION
The basic statistical parameters of the measurements taken with the apparatuses IS-D-05 and IS-D-15 are given in Table 3 . There is a difference of 2.8 mm between both devices in the average thickness of fat and skin. Similarly, the average value obtained with the IS-D-05 was lower compared to the value from the ultrasound apparatus Ultra-FOM (Pulkrábek et al., 2004) . In that study, no differences were found in the results obtained with a probe device and with the IS-D-15.
The following regression formulae were constructed to predict the lean meat content in pig carcasses using the IS-D-05 and IS-D-15: Table 4 . The average lean meat content of the analysed set determined on the basis of detailed dissections was 54.16% and corresponded to the current average lean meat content of the Czech pig population. This value is, however, somewhat lower than that reported by Václavovský et al. (2002) . The reduced lean content was possibly due to the NV animals with unknown hybrid combination included in the analysed set. The carcasses of these animals exhibited a lean meat content averaging about 52%.
It is difficult to achieve the normal distribution of the lean meat content data when the pig carcasses are selected for the experiment. The difference between the mean and median of the lean meat content obtained by dissections was -0.05%. These differences were increased to -1.0% and -1.09 when the lean meat content was estimated by the formulae for IS-D-05 and IS-D-15, respectively. A skew asymmetric distribution of the resulting estimated lean meat content was caused by the used method of estimation. For this reason, the mean is different from the median. In spite of these deviations, the prediction formulae met the required parameters of statistical accuracy. Table 5 shows the prediction biases (bias = the value predicted by formula minus the value from dissection) for sex and lean meat percentage subsamples. It is apparent that the lean meat content is differently predicted in gilts and barrows as well as in carcasses classified in different SEUROP classes. Such prediction bias gives to barrows an advantage over gilts within the SEUROP classification system. As reported by Stupka et al. (2004) , gilts exhibited lower growth traits but markedly better carcass traits than barrows in the test of growth performance and carcass value of final hybrids. In addition, significant sex differences in other carcass traits and in the composition of the belly were also described (Stupka et al., 2004; Vališ et al., 2005) . The proposed formulae slightly overpredict the lean meat content in the carcasses graded in lower quality classes, while the opposite tendency can be seen in higher quality classes. Generally, such differences are eliminated in large pig groups.
The effect of sex on the lean meat content predicted according to European standards is also relatively eliminated mainly due to the selection of pigs for dissections. Under conditions in practice, the ratio of fattened gilts and barrows is 1:1, and the prediction error is therefore corrected. Such an approach is applied in most EU countries. Another method is the construction of two separate formulae for gilts and barrows (Engel and Walstra, 1993; Daumas et al., 1998) . A similar approach was applied to predict the lean meat content in pig carcasses in the Netherlands when different formulae were established for gilts, barrows, and boars (Engel et al., 2005) .
The prediction bias for fat thickness subgroups is indicated in Table 6 . The bias is more evident for the carcasses with fat thickness less than 14 mm. Due to a high correlation between this measurement and the carcass lean meat content, the bias has a similar tendency to that associated with different lean meat percentage classes ranging from S (60%>) to R (45-50%), described in Table 5 .
The prediction bias associated with the cold carcass weight is given in Table 7 . The lowest bias was observed for a carcass weight of about 95 kg. This is demonstrated by the values for IS-D-15 which are -0.26 and +0.26 percent points for the carcass weight intervals of 85 to 95 kg and 95 to 105 kg, respectively. On the contrary, the bias is more pronounced for a carcass weight higher than 105 kg. Animals falling into this group have a higher proportion of subcutaneous fat, which increases particularly in the final fattening stage (Demo et al., 1995) .
In an effort to increase the prediction accuracy of regression formulae, we have been searching for some additional carcass measurements. On the basis of the correlations between the lean meat content obtained by dissections and carcass measurements (Table 8) , the following measurements were included in formulae: proportion of the leg without fat cover, fat thickness S 1-3 , cold carcass weight, and the ratio of the fat cover area above MLLT to the MLLT area at the section between the twelfth and thirteenth rib.
The following improved regression formulae were established using the regression analysis: Table 7 . Prediction bias (in percent points) associated with carcass weight ( Based on the values of R 2 , r, and s e , it is evident that the inclusion of additional parameters improved the predictive ability of both regression formulae. Compared to the original formulae, s e was especially reduced by 0.54 and 0.48 percent points for IS-D-05 and IS-D-15, respectively. Similarly to our study, different measurement sites were investigated by Hulsegge et al. (1994) . They also established a formula with a higher predictive ability when using additional measurements highly correlated with the carcass lean meat content.
It would be difficult to apply the proposed improved formulae under practical conditions in an abattoir due to the fact that some of the measurements used are not easy to obtain. Only carcass weight and fat thickness S 1-3 are directly measurable in the slaughterline. Therefore, the practical application of the proposed formulae is feasible only for experimental purposes and special tests of carcass value, e.g. in pig final hybrids.
The formulae for different classification apparatuses can be approved only when a certain accuracy of the prediction is achieved. The residual standard deviation (s e ), calculated as the square root of the residual variance, must be below 2.5. In addition, the coefficient of determination must be above 0.64, which means that the correlation coefficient (r) of the relationship between the lean meat content predicted by formulae and by dissection must be at least 0.8. All the above mentioned formulae (both standard and improved ones) meet these statistical criteria.
The observed s e for the formula IS-D-15 is lower compared to the formula FOM (s e = 2.49) as reported by Pulkrábek et al. (2004) . In the same study, the lowest s e was found for the apparatus HGP (s e = 2.27), while the ultrasound apparatus UFOM did not fulfil the statistical criteria (s e = 3.26).
The prediction formula for the apparatus FOM (s e = 2.13) was established by Desmoulin et al. (1986) . The required statistical criteria were met by the prediction formulae mostly based on the measurements taken at the P 2 site (Walstra, 1991;  Demo et al., 1995; Lagin et al., 1995) . Pomar et al. (2001) compared the prediction accuracy in four different classification apparatuses, with s e = 2.14 in the most accurate one. Table 8 describes the relationships between the carcass lean meat content determined by dissections and the other carcass value traits. A high correlation (r = -0.87) was observed for the ratio of the fat cover area above MLLT to the MLLT area as well as for the S measurements obtained with IS-D-05 and IS-D-15 (r = -0.82 and r = -0.83, respectively). A somewhat lower correlation was found for the average fat thickness S 1-3 (r = -0.76). Generally, fat thickness considerably increases the predictive ability of regression formulae. These measurements are more correlated to the carcass lean meat content than to the muscle depth (Küchenmeister, 1985; Branscheid et al., 1987) .
The correlation coefficient between the muscle depth (M) and the carcass lean meat content was r = 0.37 for both apparatuses. Cold carcass weight (r = 0.25) was the parameter entering the improved regression formulae with the lowest correlation coefficient. This trait is however easily obtainable. The proportion of leg of the carcass weight (r = 0.60) can also be used to increase the predictive ability of the formulae, but the value of this trait is available only after dividing the carcass into primal cuts.
CONCLUSIONS
As the calculated values of s e were 2.48 and 2.41 percentage points for IS-D-05 and IS-D-15, respectively, and the required accuracy criteria were thus met, the basic formulae for the lean meat content prediction based on the fat and muscle thickness measurements at point "P 2 " are applicable for pig carcass classification in abattoirs in the Czech Republic. Additional measurements are necessary for the use of regression formulae with an improved predictive ability (s e 1.94 and 1.93 for IS-D-05 and IS-D-15, respectively). Therefore, they can be applied only for special tests of the pig carcass value and not in ordinary abattoirs.
